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(57) ABSTRACT

Embodiments of the present invention provide an adaptive
voltage scaling method, chip, and device. An aging effect-
related state parameter in a chip is obtained at a first voltage
adjustment time point. The first voltage adjustment time point
is one of multiple voltage adjustment time points set for the
chip. An aging compensation voltage corresponding to the
first voltage adjustment time point is determined according to
the state parameter. A minimum operating voltage of the chip
is compensated for according to the aging compensation volt-
age, so as to adjust an operating voltage of the chip.

22 Claims, 6 Drawing Sheets
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Obtain an aging effect-related state parameter in a chip at a first
voltage adjustment time, where the first voltage adjustment time is \/\ 101
one of multiple voltage adjustment times set for the chip

l

Determine an aging compensation voltage corresponding to the first \/\ 102
voltage adjustment time according to the state parameter

l

Compensate for a minimum operating voltage of the chip according to
the aging compensation voltage, so as to adjust an operating voltage J\ 103
of the chip

FIG. 1
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Divide multiple voltage adjustment times according to a life cycle of a chip \/\ 201

4
Obtain a mapping relationship, which is obtained by aging simulation,
between the multiple voltage adjustment times and a respective state \/\ 202
parameter and aging compensation voltage at each voltage adjustment time,
and store the mapping relationship in a storage medium

Obtain an aging effect-related state parameter in the chip at a first voltage
adjustment time, where the first voltage adjustment time is one of the \/\ 203
multiple voltage adjustment times set for the chip

Obtain an aging compensation voltage corresponding to the first voltage
adjustment time by querying the storage medium according to the state \/\ 204
parameter

Compensate for a minimum operating voltage of the chip according to the
. . . . . 205
aging compensation voltage, so as to adjust an operating voltage of the chip

FIG. 2

At a time point 7; and according to different operating voltages and
operating temperatures of a chip, obtain a saturation current derating J\ 301
percentage of the chip within a time segment from the time point ¢, to
t,,; corresponding to each operating voltage and operating temperature

Modify an operating voltage at the time point /; according

to the saturation current derating percentage, so as to \/\ 302
obtain an aging compensation voltage corresponding to

each operating voltage and temperature at the time point 7;,

FIG. 3
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Divide multiple voltage adjustment times according to a life cycle of a chip \/\ 401

Obtain an aging effect related operating voltage and operating temperature in
the chip at a first voltage adjustment time, where the first voltage adjustment \/\ 402
time is one of the multiple voltage adjustment times set for the chip

Obtain an aging compensation voltage corresponding to the first voltage
adjustment time by performing aging calculation according to the operating \/\ 403
voltage and operating temperature of the chip

A

Compensate for a minimum operating voltage of the chip according to the \/\ 404
aging compensation voltage, so as to adjust an operating voltage of the chip

FIG. 4
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ADAPTIVE VOLTAGE SCALING METHOD,
CHIP, AND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Chinese Patent Appli-
cation No. 201310066301 X, filed on Feb. 28, 2013, which is
hereby incorporated by reference in its entirety.

TECHNICAL FIELD

Embodiments of the present invention relate to chip tech-
nologies, and in particular to an adaptive voltage scaling
method, chip, and system.

BACKGROUND

As the level of integration of mobile devices and chips
becomes higher and higher, energy consumption and a con-
tinued use period are becoming a focus of people’s attention.
However, battery technologies that relatively lag behind
impose higher and higher requirements of low power con-
sumption on a mobile device.

In the prior art, an adaptive voltage scaling (Adaptive Volt-
age Scaling, AVS for short) technology is used to determine a
minimum operating voltage of a chip and adjust a supply
voltage for the chip according to the minimum operating
voltage, so as to reduce power consumption of the chip.
However, after the chip, whose power is supplied by using the
minimum operating voltage as the supply voltage at an initial
state, is in operation for a period, a threshold voltage of a
transistor in the chip increases, resulting in that the minimum
operating voltage of the chip increases. If the chip still oper-
ates at the minimum operating voltage at the initial state, a
chip failure will occur. As a result, in the prior art, in consid-
eration of chip aging, an aging voltage increment of the chip
in an entire life cycle is obtained by an aging experiment and
statistics analysis, and a sum of the minimum operating volt-
age and the aging voltage increment is used to adjust the
supply voltage of the chip, so as to avoid the case of a chip
failure.

However, the adjustment in the supply voltage of the chip
by using the prior art causes the chip to operate by using the
supply voltage as an operating voltage, which frequently
results in problems of aging acceleration and power con-
sumption increase for the chip.

SUMMARY

The present invention provides an adaptive voltage scaling
method, chip, and system to solve the problems of aging
acceleration and power consumption increase for the chip by
compensating for a minimum operating voltage of a chip
multiple times in a life cycle of the chip, and then adjusting an
operating voltage of the chip according to the minimum oper-
ating voltage after compensation.

In a first aspect, an embodiment of the present invention
provides an adaptive voltage scaling method, including:
obtaining an aging effect-related state parameter in a chip ata
first voltage adjustment time point, where the first voltage
adjustment time point is one of multiple voltage adjustment
time points set for the chip; determining an aging compensa-
tion voltage corresponding to the first voltage adjustment
time point according to the state parameter; and compensat-
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2

ing for a minimum operating voltage of the chip according to
the aging compensation voltage, so as to adjust an operating
voltage of the chip.

In a first possible implementation of the first aspect, before
the obtaining the aging effect-related state parameter in the
chip at the first voltage adjustment time point, the method
further includes: dividing the multiple voltage adjustment
time points according to a life cycle of the chip.

With reference to the first possible implementation of the
first aspect, in a second possible implementation of the first
aspect, the dividing the multiple voltage adjustment time
points according to the life cycle of the chip includes: divid-
ing the multiple voltage adjustment time points by using a
decreasing time interval between every two neighboring volt-
age adjustment time points; or dividing the multiple voltage
adjustment time points by using an equal interval; or dividing
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip.

With reference to the first aspect, the first possible imple-
mentation of the first aspect, or the second possible imple-
mentation of the first aspect, in a third possible implementa-
tion of the first aspect, the state parameter includes an
operating voltage and an operating temperature.

With reference to the third possible implementation of the
first aspect, in a fourth possible implementation of the first
aspect, the determining the aging compensation voltage cor-
responding to the first voltage adjustment time point accord-
ing to the state parameter includes: querying a storage
medium according to the state parameter to obtain the aging
compensation voltage corresponding to the first voltage
adjustment time point, where the storage medium stores a
mapping relationship, which is obtained by aging simulation,
between the multiple voltage adjustment time points and a
respective state parameter and aging compensation voltage at
each voltage adjustment time point; or obtaining the aging
compensation voltage by performing aging calculation
according to the state parameter.

With reference to the fourth possible implementation of the
first aspect, in a fifth possible implementation of the first
aspect, the mapping relationship, which is obtained by aging
simulation, between the multiple voltage adjustment time
points and the respective state parameter and aging compen-
sation voltage at each voltage adjustment time point is deter-
mined in the following mode: at a time point t, and according
to different operating voltages and operating temperatures of
the chip, obtaining a saturation current degradation percent-
age of the chip within a time segment from the time point t; to
t,,, corresponding to each operating voltage and operating
temperature; and modifying the operating voltage at the time
point t, according to the saturation current degradation per-
centage, so as to obtain an aging compensation voltage at the
time point t,,, corresponding to each operating voltage and
operating temperature; where i is an integer greater than or
equal to 0; the number of time points is greater than or equal
to the number of voltage adjustment time points; the operat-
ing voltage of the chip at the time point t, is a sum of an
operating voltage of the chip at a time pointt,_; and an aging
compensation voltage at the time point t, corresponding to the
operating voltage and operating temperature of the chip at the
time point t,_;.

With reference to the fifth possible implementation of the
first aspect, in a sixth possible implementation of the first
aspect, the obtaining the saturation current degradation per-
centage of the chip within the time segment from the time
point t, to t,,, corresponding to each operating voltage and
operating temperature includes: obtaining a drain-source
voltage and a gate-source voltage of each MOS transistor of
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the chip within a simulation duration At after t,; according to
the operating temperature at t,, the drain-source voltage, and
a saturation current degradation model of the MOS transistor
caused by hot carrier injection HCI, obtaining a first satura-
tion current degradation percentage of each MOS transistor
within the time segment from t, to t,,, caused by the HCI;
according to the operating temperature at t,, the gate-source
voltage, and a saturation current degradation model of the
MOS transistor caused by bias temperature instability BTL,
obtaining a second saturation current degradation percentage
of'each MOS transistor within the time segment from t,; tot,,
caused by the BTI; and determining a sum of the first satura-
tion current degradation percentage and the second saturation
current degradation percentage of each MOS transistor
within the time segment fromt, to t,, | as the saturation current
degradation percentage of each MOS transistor within the
time segment from t; to t,, ;; and

the modifying the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain the aging compensation voltage at the time point
t,,, corresponding to each operating voltage and operating
temperature includes: obtaining a first output frequency of the
chip within the simulation duration At after t;; obtaining a
post-aging physical parameter of the chip at t,,; according to
the saturation current degradation percentage of each MOS
transistor within the time segment from t, to t,, | ; performing
simulation aging processing on the chip by using the post-
aging physical parameter; enabling the post-aging chip to
operate at the operating temperature at t;, within the simulation
duration At, and obtaining a second output frequency of the
post-aging chip within the simulation duration At; and when
the second output frequency equals the first output frequency,
obtaining the operating voltage of the post-aging chip, and
determining a difference between the operating voltage of the
post-aging chip and the operating voltage at t, as the aging
compensation voltage att,, ;.

With reference to the first aspect, the first possible imple-
mentation of the first aspect, the second possible implemen-
tation of the first aspect, the third possible implementation of
the first aspect, the fourth possible implementation of the first
aspect, the fifth possible implementation of the first aspect, or
the sixth possible implementation of the first aspect, in a
seventh possible implementation of the first aspect, the com-
pensating for the minimum operating voltage of the chip
according to the aging compensation voltage, so as to adjust
the operating voltage of the chip includes: sending a voltage
adjustment request to a power manager integrated circuit
PMIC, where the voltage adjustment request includes the
aging compensation voltage, so that the PMIC adjusts the
operating voltage of the chip according to a voltage sum of the
supply voltage currently supplied to the chip and the aging
compensation voltage; or

sending a voltage adjustment request to the PMIC, where
the voltage adjustment request includes a voltage sum of the
voltage currently supplied to the chip and the aging compen-
sation voltage, so that the PMIC adjusts the operating voltage
of the chip according to the voltage sum.

In a second aspect, an embodiment of the present invention
provides an adaptive voltage scaling chip, including: an
obtaining module, configured to obtain an aging effect-re-
lated state parameter in a chip at a first voltage adjustment
time point, where the first voltage adjustment time point is
one of multiple voltage adjustment time points set for the
chip; a determining module, configured to determine an aging
compensation voltage corresponding to the first voltage
adjustment time point according to the state parameter; and a
processing module, configured to compensate for a minimum
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operating voltage of the chip according to the aging compen-
sation voltage, so as to adjust an operating voltage of the chip.

In a first possible implementation of the second aspect, the
adaptive voltage scaling chip further includes a dividing mod-
ule, configured to divide, before the obtaining module obtains
the aging effect-related state parameter in the chip, the mul-
tiple voltage adjustment time points according to a life cycle
of' the chip.

With reference to the first possible implementation of the
second aspect, in a second possible implementation of the
second aspect, the dividing module is specifically configured
to divide the multiple voltage adjustment time points by using
a decreasing time interval between every two neighboring
voltage adjustment time points; or divide the multiple voltage
adjustment time points by using an equal interval; or divide
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip.

With reference to the second aspect, the first possible
implementation of the second aspect, or the second possible
implementation of the second aspect, in a third possible
implementation of the second aspect, the state parameter
includes an operating voltage and an operating temperature.

With reference to the third possible implementation of the
second aspect, in a fourth possible implementation of the
second aspect, the determining module is specifically config-
ured to query a storage medium according to the state param-
eter to obtain the aging compensation voltage corresponding
to the first voltage adjustment time point, where the storage
medium stores a mapping relationship, which is obtained by
aging simulation, between the multiple voltage adjustment
time points and a respective state parameter and aging com-
pensation voltage at each voltage adjustment time point; or
obtain the aging compensation voltage by performing aging
calculation according to the state parameter.

With reference to the fourth possible implementation of the
second aspect, in a fifth possible implementation of the sec-
ond aspect, the mapping relationship, which is obtained by
aging simulation, between the multiple voltage adjustment
time points and the respective state parameter and aging com-
pensation voltage at each voltage adjustment time point is
determined in the following mode: at a time point t, and
according to different operating voltages and operating tem-
peratures of the chip, obtaining a saturation current degrada-
tion percentage of the chip within a time segment from the
time point t; to t,,, corresponding to each operating voltage
and operating temperature; and modifying the operating volt-
age at the time point t, according to the saturation current
degradation percentage, so as to obtain an aging compensa-
tion voltage at the time point t,,; corresponding to each oper-
ating voltage and operating temperature; where i is an integer
greater than or equal to 0; the number of time points is greater
than or equal to the number of voltage adjustment time points;
the operating voltage of the chip at the time point t, is a sum of
an operating voltage of the chip at a time point t,_;, and an
aging compensation voltage at the time pointt,_, correspond-
ing to the operating voltage and operating temperature of the
chip at the time point t,.

With reference to the fifth possible implementation of the
second aspect, in a sixth possible implementation of the sec-
ond aspect, the obtaining the saturation current degradation
percentage of the chip within the time segment from the time
point t, to t,,, corresponding to each operating voltage and
operating temperature includes: obtaining a drain-source
voltage and a gate-source voltage of each MOS transistor of
the chip within a simulation duration At after t,; according to
the operating temperature at t,, the drain-source voltage, and
a saturation current degradation model of the MOS transistor
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caused by hot carrier injection HCI, obtaining a first satura-
tion current degradation percentage of each MOS transistor
within the time segment from t, to t,,, caused by the HCI;
according to the operating temperature and the gate-source
voltage at t,, and a saturation current degradation model of the
MOS transistor caused by bias temperature instability BTL,
obtaining a second saturation current degradation percentage
of'each MOS transistor within the time segment from t,; tot,,
caused by the BTI; and determining a sum of the first satura-
tion current degradation percentage and the second saturation
current degradation percentage of each MOS transistor
within the time segment fromt, to t,, | as the saturation current
degradation percentage of each MOS transistor within the
time segment from t, to t,, ; and

the modifying the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain the aging compensation voltage at the time point
t,,, corresponding to each operating voltage and operating
temperature includes: obtaining a first output frequency of the
chip within the simulation duration At after t,; obtaining a
post-aging physical parameter of the chip att, according to the
saturation current degradation percentage of each MOS tran-
sistor within the time segment from t,,, to t,, ; performing
simulation aging processing on the chip by using the post-
aging physical parameter; enabling the post-aging chip to
operate at the operating temperature at t;, within the simulation
duration At, and obtaining a second output frequency of the
post-aging chip within the simulation duration At; and when
the second output frequency equals the first output frequency,
obtaining the operating voltage of the post-aging chip, and
determining a difference between the operating voltage of the
post-aging chip and the operating voltage at t, as the aging
compensation voltage att,, .

With reference to the second aspect, the first possible
implementation of the second aspect, the second possible
implementation of the second aspect, the third possible
implementation of the second aspect, the fourth possible
implementation of the second aspect, the fifth possible imple-
mentation of the second aspect, or the sixth possible imple-
mentation of the second aspect, in a seventh possible imple-
mentation of the second aspect, the processing module is
specifically configured to send a voltage adjustment request
to a power manager integrated circuit PMIC, where the volt-
age adjustment request includes the aging compensation volt-
age, so thatthe PMIC adjusts the operating voltage of the chip
according to a voltage sum of the supply voltage currently
supplied to the chip and the aging compensation voltage; or
send a voltage adjustment request to the PMIC, where the
voltage adjustment request includes a voltage sum of the
current operating voltage of the chip and the aging compen-
sation voltage, so that the PMIC adjusts the operating voltage
of the chip according to the voltage sum.

In a third aspect, an embodiment of the present invention
provides an adaptive voltage scaling system, including an
adaptive voltage scaling chip and a power manager integrated
circuit, where the adaptive voltage scaling chip includes the
chip described above.

In the adaptive voltage scaling method, chip, and system
according to the embodiments of the present invention, the
aging effect-related state parameter in the chip is obtained at
the first voltage adjustment time point, where the first voltage
adjustment time point is one of multiple voltage adjustment
time points set for the chip; the aging compensation voltage
corresponding to the first voltage adjustment time point is
obtained according to the state parameter; and the minimum
operating voltage of the chip is compensated for according to
the aging compensation voltage, so as to adjust the operating
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voltage of the chip. Because multiple voltage adjustment time
points are set for the chip, the minimum operating voltage of
the chip is compensated for multiple times within the life
cycle of the chip, and the operating voltage of the chip is
adjusted according to the minimum operating voltage after
compensation, so that the problems of aging acceleration and
power consumption increase are solved for the chip.

BRIEF DESCRIPTION OF DRAWINGS

To illustrate the technical solutions in the embodiments of
the present invention more clearly, the following briefly intro-
duces the accompanying drawings required for describing the
embodiments. Apparently, the accompanying drawings in the
following description show merely some embodiments of the
present invention, and persons of ordinary skill in the art may
still derive other drawings from these accompanying draw-
ings without creative efforts.

FIG. 1 is a flowchart of an adaptive voltage scaling method
according to a first embodiment of the present invention;

FIG. 2 is a flowchart of an adaptive voltage scaling method
according to a second embodiment of the present invention;

FIG. 3 is a flowchart of a method for determining a map-
ping relationship in an embodiment illustrated in FIG. 2;

FIG. 4 is a flowchart of an adaptive voltage scaling method
according to a third embodiment of the present invention;

FIG. 5 is a schematic structural diagram of an adaptive
voltage scaling chip according to a first embodiment of the
present invention;

FIG. 6 is a schematic structural diagram of an adaptive
voltage scaling chip according to a second embodiment of the
present invention;

FIG. 7 is a schematic structural diagram of an adaptive
voltage scaling chip according to a third embodiment of the
present invention;

FIG. 8 is a schematic structural diagram of an adaptive
voltage scaling chip according to a fourth embodiment of the
present invention;

FIG. 9 is a schematic structural diagram of an adaptive
voltage scaling chip according to a fifth embodiment of the
present invention;

FIG. 10 is a schematic structural diagram of an adaptive
voltage scaling system according to a first embodiment of the
present invention; and

FIG. 11 is a schematic structural diagram of an adaptive
voltage scaling system according to a second embodiment of
the present invention.

DESCRIPTION OF EMBODIMENTS

To make the objectives, technical solutions, and advan-
tages of the embodiments of the present invention more com-
prehensible, the following clearly describes the technical
solutions in the embodiments of the present invention with
reference to the accompanying drawings in the embodiments
of the present invention. Apparently, the described embodi-
ments are merely a part rather than all of the embodiments of
the present invention. All other embodiments obtained by
persons of ordinary skill in the art based on the embodiments
of the present invention without creative efforts shall fall
within the protection scope of the present invention.

FIG. 1 is a flowchart of an adaptive voltage scaling method
according to a first embodiment of the present invention. As
shown in FIG. 1, the method according to the embodiment
may include:

Step 101: Obtain an aging effect-related state parameter in
a chip at a first voltage adjustment time point, where the first
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voltage adjustment time point is one of multiple voltage
adjustment time points set for the chip.

In the embodiment, after the chip is in operation for a
while, a phenomenon of saturation current degradation and
threshold voltage increase exists on a metal oxide semicon-
ductor field-effect transistor (Metal Oxide Semiconductor,
MOS transistor for short) in the chip due to aging, resulting in
that a minimum operating voltage of the chip increases. As a
result, a voltage of the chip needs to be adjusted during an
operation period. Multiple voltage adjustment time points
may be set in advance within a life cycle of the chip, or
multiple voltage adjustment time points may be set, within
the life cycle of the chip, according to compensation require-
ments of the minimum operating voltage of the chip; and then
an aging compensation voltage is set corresponding to each
voltage adjustment time point, so as to compensate for the
minimum operating voltage of the chip at the voltage adjust-
ment time point. Therefore, when the first voltage adjustment
time point is reached, the aging effect-related state parameter
of the chip at the first voltage adjustment time point is
obtained, where the aging eftect-related state parameter in the
chip may be an operating voltage and/or an operating tem-
perature and/or an operating current, and the like, and the
embodiment sets no limit thereto; and the first voltage adjust-
ment time point may be any one voltage adjustment time
point in the multiple voltage adjustment time points set for the
chip.

Step 102: Determine an aging compensation voltage cor-
responding to the first voltage adjustment time point accord-
ing to the state parameter.

In the embodiment, after the aging effect-related state
parameter of the chip at the first voltage adjustment time point
is obtained, the aging compensation voltage corresponding to
the first voltage adjustment time point is determined accord-
ing to the state parameter. It should be noted that the first
voltage adjustment time point corresponds to one aging com-
pensation voltage. That is, each voltage adjustment time point
corresponds to one aging compensation voltage.

Step 103: Compensate for the minimum operating voltage
of'the chip according to the aging compensation voltage, so as
to adjust an operating voltage of the chip.

In the embodiment, after the aging compensation voltage
corresponding to the first voltage adjustment time point is
obtained, the minimum operating voltage of the chip is com-
pensated for according to the aging compensation voltage, so
as to adjust, according to the minimum operating voltage of
the chip, a supply voltage of a power manager integrated
circuit (Power Manager Integrated Circuit, PMIC for short)
that supplies power to the chip, so that the operating voltage
of'the chip is the supply voltage supplied by the PMIC to the
chip after the adjustment, thereby implementing adjustment
on the operating voltage of the chip at the first voltage adjust-
ment time point. This ensures that the operating voltage of the
chip is not lower than the minimum operating voltage after
compensation.

Perform step 101 to step 103 repeatedly, so that the chip
can, at the multiple voltage adjustment time points set for the
chip, determine an aging compensation voltage according to
an aging effect-related state parameter at each voltage adjust-
ment time point, and then compensate for the minimum oper-
ating voltage of the chip, so as to adjust the operating voltage
of the chip to be not lower than the minimum operating
voltage, thereby compensating for the minimum operating
voltage of the chip multiple times within the life circle of the
chip, and adjusting the operating voltage of the chip.

In the adaptive voltage scaling method according to the
first embodiment of the present invention, the aging effect-
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related state parameter in the chip is obtained at the first
voltage adjustment time point, where the first voltage adjust-
ment time point is one of multiple voltage adjustment time
points set for the chip; the aging compensation voltage cor-
responding to the first voltage adjustment time point is
obtained according to the state parameter; and the minimum
operating voltage of the chip is compensated for according to
the aging compensation voltage, so as to adjust the operating
voltage of the chip. Because multiple voltage adjustment time
points are set for the chip, the minimum operating voltage of
the chip is compensated for multiple time points within the
life cycle of the chip, and the operating voltage of the chip is
adjusted according to the minimum operating voltage after
compensation, so that the problems of aging acceleration and
power consumption increase are solved for the chip.

FIG. 2 is a flowchart of an adaptive voltage scaling method
according to a second embodiment of the present invention.
As shown in FIG. 2, the method according to the embodiment
may include:

Step 201: Divide multiple voltage adjustment time points
according to a life cycle of a chip.

In the embodiment, the dividing of the multiple voltage
adjustment time points according to the life cycle of the chip
may include: dividing the multiple voltage adjustment time
points by using a decreasing time interval between every two
neighboring voltage adjustment time points. The dividing
may alternatively include dividing the multiple voltage
adjustment time points by using an equal interval, or dividing
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip, where the aging
effect curve may be obtained by performing numerous
experiments, and the present invention is not limited thereto.

It should be noted that in the embodiment, the multiple
voltage adjustment time points of the chip may be divided by
using the three modes described above. However, the embodi-
ment is not limited thereto.

Step 202: Obtain a mapping relationship, which is obtained
by aging simulation, between the multiple voltage adjustment
time points and a respective state parameter and aging com-
pensation voltage at each voltage adjustment time point, and
store the mapping relationship in a storage medium.

In the embodiment, the mapping relationship, which is
obtained by aging simulation, between the multiple voltage
adjustment time points and the respective state parameter and
aging compensation voltage at each voltage adjustment time
point is obtained, and the minimum operating voltage of the
chip is compensated for according to the aging compensation
voltage corresponding to the voltage adjustment time point in
the mapping relationship. In order to improve accuracy for
compensating for the minimum operating voltage of the chip,
the mapping relationship includes a mapping relationship
between each voltage adjustment time point and the aging
effect-related state parameter of the chip and the aging com-
pensation voltage, so as to determine the aging compensation
voltage according to the current state parameter of the chip
and the mapping relationship, thereby compensating for the
minimum operating voltage of the chip to adjust the operating
voltage of the chip. Meanwhile, the obtained mapping rela-
tionship is stored in the storage medium. The storage medium
may be a non-volatile memory, but the embodiment is not
limited thereto. This avoids loss of the mapping relationship.
The non-volatile memory may be a memory set in the chip, or
a memory set outside the chip. The state parameter in the
mapping relationship may be the operating voltage and/or the
operating temperature of the chip. Preferably, the state
parameter may be the operating voltage and the operating
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temperature of the chip, so as to further improve accuracy for
adjusting the operating voltage of the chip.

It should be noted that step 202 may also be performed
before step 201, and the embodiment sets no limit thereto.

Step 203: Obtain an aging effect-related state parameter in
a chip at a first voltage adjustment time point, where the first
voltage adjustment time point is one of the multiple voltage
adjustment time points set for the chip.

In the embodiment, after the chip obtains the mapping
relationship described above and when the chip starts opera-
tion, an operation time of the chip needs to be recorded.
Specifically, a counter may be set in the chip, where the
counter records the operation time of the chip, and the counter
also stores the recorded operation time of the chip to the
storage medium, where the storage medium may be a non-
volatile memory, so as to avoid loss of the recorded operation
time of the chip when the chip is powered off. This can
improve the accuracy for compensating for the minimum
operating voltage of the chip, so as to effectively adjust the
operating voltage of the chip.

Because the mapping relationship records the voltage
adjustment time points, when the counter records an opera-
tion time of the chip which is each voltage adjustment time
point, indicating that the first voltage adjustment time point is
reached, the minimum operating voltage of the chip needs to
be compensated for. In such cases, the operating voltage
and/or operating temperature of the chip shall be obtained.
When the state parameter in the mapping relationship is the
operating voltage and if the chip operates in a constant tem-
perature mode, only the operating voltage ofthe chip needs to
be obtained when the first voltage adjustment time point is
reached. When the state parameter in the mapping relation-
ship is the operating temperature and if the chip operates in a
constant voltage mode, only the operating temperature needs
to be obtained when the first voltage adjustment time point is
reached. Preferably, when the state parameter in the mapping
relationship is the operating voltage and the operating tem-
perature, the operating voltage and the operating temperature
of'the chip need to be obtained when the first voltage adjust-
ment time point is reached, so as to improve the accuracy for
compensating for the minimum operating voltage of the chip.

A specific process of obtaining the operating voltage of the
chip may be: obtaining the operating voltage of the chip
detected and obtained by a detecting circuit, where the detect-
ing circuit is mainly configured to detect the operating voltage
of the chip; or obtaining the operating voltage of the chip
detected and obtained by an AVS controller, where the AVS
controller is capable of obtaining the operating voltage of the
chip. It should be noted that the AVS controller obtains the
operating voltage of the chip in the same manner as the prior
art, which is not described in the embodiment of the present
invention.

A specific process of the obtaining the operating tempera-
ture of the chip may be: obtaining the operating temperature
of the chip sensed and obtained by a temperature-sensitive
component on the chip, where the temperature-sensitive com-
ponent is a device capable of sensing a temperature change; or
obtaining an output frequency of an oscillator on the chip, and
obtaining the operating temperature of the chip according to
the output frequency. It should be noted that the output fre-
quency of oscillation is related to the operating temperature of
the chip. It should be noted that a relationship between the
output frequency and the operating temperature of the chip is
the same as the prior art, which is not described in the embodi-
ment of the present invention.
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Step 204: Obtain an aging compensation voltage corre-
sponding to the first voltage adjustment time point by query-
ing the storage medium according to the state parameter.

In the embodiment, the operating voltage and/or the oper-
ating temperature of the chip at the first voltage adjustment
time point are obtained, and the aging compensation voltage
corresponding to the first voltage adjustment time point is
determined by querying the storage medium according to the
operating voltage and/or the operating temperature of the
chip, where the storage medium stores the mapping relation-
ship, that is obtained by aging simulation, between the mul-
tiple voltage adjustment time points and the respective state
parameter and aging compensation voltage at each voltage
adjustment time point. When only the operating voltage of the
chip is obtained, the mapping relationship stored in the stor-
age medium (for example, a non-volatile memory) is queried
according to the operating voltage of the chip to obtain the
aging compensation voltage corresponding to the first voltage
adjustment time point. That is, the aging compensation volt-
age corresponds to the first voltage adjustment time point and
to the operating voltage of the chip. When only the operating
temperature of the chip is obtained, the mapping relationship
stored in the storage medium (for example, a non-volatile
memory) is queried according to the operating temperature of
the chip to obtain the aging compensation voltage corre-
sponding to the first voltage adjustment time point. That is,
the aging compensation voltage corresponds to the first volt-
age adjustment time point and to the operating temperature of
the chip. Preferably, when the operating voltage and the oper-
ating temperature of the chip are obtained, the mapping rela-
tionship stored in the storage medium (for example, a non-
volatile memory) is queried according to the operating
voltage and the operating temperature of the chip to obtain the
aging compensation voltage corresponding to the first voltage
adjustment time point. That is, the aging compensation volt-
age corresponds to the first voltage adjustment time point and
the operating voltage and operating temperature of the chip,
s0 as to further improve the accuracy for compensating for the
minimum operating voltage of the chip.

Step 205: Compensate for the minimum operating voltage
of'the chip according to the aging compensation voltage, so as
to adjust the operating voltage of the chip.

In the embodiment, after the aging compensation voltage
corresponding to the first voltage adjustment time point is
obtained, the minimum operating voltage of the chip is com-
pensated for according to the aging compensation voltage, so
as to adjust, according to the minimum operating voltage of
the chip, a supply voltage of a PMIC that supplies power to the
chip, so that the operating voltage of the chip is the supply
voltage supplied by the PMIC to the chip after the adjustment,
thereby implementing adjustment on the operating voltage of
the chip at the first voltage adjustment time point. This
ensures that the operating voltage ofthe chip is not lower than
the minimum operating voltage after compensation.

The compensating for the minimum operating voltage of
the chip according to the aging compensation voltage so as to
adjust the operating voltage of the chip may be specifically
implemented by using the following two implementations:

In a first practical implementation, a voltage adjustment
request is sent to the PMIC, where the voltage adjustment
request includes the aging compensation voltage, so that the
PMIC adjusts the operating voltage of the chip according to a
voltage sum of the supply voltage currently supplied to the
chip and the aging compensation voltage. That is, the chip,
upon obtaining the aging compensation voltage correspond-
ing to the first voltage adjustment time point, carries the aging
compensation voltage in the voltage adjustment request and
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sends the voltage adjustment request to the PMIC, so that the
PMIC further adds the aging compensation voltage on the
basis of the supply voltage currently supplied to the chip as
the minimum operating voltage of the chip. Therefore, the
PMIC, upon receiving the voltage adjustment request sent by
the chip, obtains the aging compensation voltage in the volt-
age adjustment request; uses a sum of the supply voltage
currently supplied to the chip and the aging compensation
voltage obtained from the voltage adjustment request as the
minimum operating voltage of the chip after compensation;
and then adjusts the supply voltage of the chip according to
the minimum operating voltage of the chip, so as to ensure
that the operating voltage of the chip is not lower than the
minimum operating voltage of the chip after compensation.

In a second practical implementation, a voltage adjustment
request is sent to the PMIC, where the voltage adjustment
request includes a voltage sum of the current operating volt-
age of the chip and the aging compensation voltage, so that
the PMIC adjusts the operating voltage of the chip according
to the voltage sum. That is, the chip, upon obtaining the aging
compensation voltage at the voltage adjustment time point,
carries the sum of the current operating voltage of the chip
and the aging compensation voltage in the voltage adjustment
request, and sends the voltage adjustment request to the
PMIC, so that the PMIC adjusts the supply voltage to be not
lower than the sum of the current operating voltage of the chip
and the aging compensation voltage. Therefore, the PMIC,
upon receiving the voltage adjustment request sent by the
chip, obtains the sum of the current operating voltage of the
chip and the aging compensation voltage in the voltage
adjustment request, uses the sum of the current operating
voltage of the chip and the aging compensation voltage as the
minimum operating voltage of the chip after compensation,
and then adjusts the supply voltage supplied to the chip to be
not lower than the minimum operating voltage of the chip
after compensation.

Perform step 203 to step 205 repeatedly so that the chip can
obtain the operating voltage and/or the operating temperature
of the chip at each voltage adjustment time point in the map-
ping relationship within the life cycle of the chip, determine
the aging compensation voltage according to the operating
voltage and/or operating temperature of the chip at each volt-
age adjustment time point, and then compensate for the mini-
mum operating voltage of the chip, so as to compensate for
the minimum operating voltage of the chip according to the
state parameter of the chip multiple time points within the life
cycle of the chip, improve the accuracy for compensating for
the minimum operating voltage of the chip, and adjust the
operating voltage of the chip according to the minimum oper-
ating voltage after compensation.

It should be noted that in step 201, the multiple voltage
adjustment time points are divided by using a decreasing time
interval between every two neighboring voltage adjustment
time points. That is, more voltage adjustment time points may
be set in a first stage of the life cycle of the chip than those in
a second stage. That is, in the first stage of the life cycle of the
chip, the aging speed of the chip is low, and therefore a long
time interval may be set between the voltage adjustment time
points; and in the second stage of the life cycle of the chip, as
the operation time of the chip increases, the aging speed of the
chip increases, and a small time interval may be set between
the voltage adjustment time points. As a result, this setting
mode of the voltage adjustment time points allows a small
aging compensation voltage to be obtained during most part
of the life cycle of the chip, so that when the minimum
operating voltage of the chip is compensated for, the mini-
mum operating voltage of the chip may be retained at a small
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value, and correspondingly, the operating voltage of the chip
may be adjusted at a small value, so as to effectively reduce
the aging speed of the chip and the power consumption of the
chip, and further increase applicability of the AVS technol-
ogy.

In the adaptive voltage scaling method according to the
second embodiment of the present invention, multiple voltage
adjustment time points are divided according to the life cycle
of'the chip; the aging effect-related state parameter in the chip
is obtained at the first voltage adjustment time point; the
storage medium is queried according to the state parameter,
where the storage medium stores the mapping relationship,
which is obtained by aging simulation, between the multiple
voltage adjustment time points and the respective state
parameter and aging compensation voltage at each voltage
adjustment time point, so as to obtain the aging compensation
voltage corresponding to the first voltage adjustment time
point; and finally, the minimum operating voltage of the chip
is compensated for according to the aging compensation volt-
age, so as to adjust the operating voltage of the chip. Because
multiple voltage adjustment time points are set within the life
cycle of the chip, and the accurate aging compensation volt-
age is obtained according to the state parameter of the chip at
each voltage adjustment time point, the minimum operating
voltage of the chip may be accurately compensated for mul-
tiple times within the life cycle of the chip, so that the oper-
ating voltage of the chip is not lower than the minimum
operating voltage after compensation, which solves the prob-
lems of aging acceleration and power consumption increase
for the chip.

The following describes in detail how to obtain the map-
ping relationship, which is obtained by aging simulation,
between the multiple voltage adjustment time points and the
respective state parameter and aging compensation voltage at
each voltage adjustment time point. FIG. 3 is a flowchart of a
method for determining the mapping relationship in the
embodiment illustrated in FIG. 2. As shown in FIG. 3, the
method for determining the mapping relationship may
include the following steps.

Step 301: At a time point t, and according to different
operating voltages and operating temperatures of a chip,
obtain a saturation current degradation percentage of the chip
within a time segment from the time point t; to t,,, corre-
sponding to each operating voltage and operating tempera-
ture.

Step 302: modify the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain an aging compensation voltage corresponding to
each operating voltage and operating temperature at the time
point t,, ,, where i is an integer greater than or equal to 0. The
number of time points is greater than or equal to the number
of'voltage adjustment time points; the operating voltage of the
chip at the time point t, is a sum of an operating voltage of the
chip at a time point t,_, and an aging compensation voltage at
the time point t, corresponding to the operating voltage and
operating temperature of the chip at the time pointt,_,.

In the embodiment, when the operation time of the chip
reaches the time point t,, where i is an integer greater than or
equal to 0, according to different operating voltages and oper-
ating temperatures of the chip, there is definitely a specific
difference between the operating voltage and operating tem-
perature of the chip in actual operation and the operating
voltage and operating temperature of the chip at the time point
t,. As a result, different operating voltages and operating
temperatures need to be set for the chip. For example, differ-
ent operating temperatures set for the chip may be T, T+5°C.,
T+10° C., and T+15° C. Different operating voltages during
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initial operation for the chip may be a minimum operating
voltage of the chip at a time point t,, the minimum operating
voltage of the chip at the time point t,+0.05 V, the minimum
operating voltage ofthe chip at the time pointt,+0.1 V, and the
minimum operating voltage of the chip at the time point
t,+0.15 V. Therefore, each operating voltage of the chip at the
time point t, is the operating voltage of the chip at the time
point t, plus the aging compensation voltage at the time point
t, corresponding to the operating voltage and operating tem-
perature at the time point t,. Similarly, each operating voltage
of the chip at the time point t, is the operating voltage of the
chip at thetime pointt,_, plus the aging compensation voltage
at the time point t, corresponding to the operating voltage and
operating temperature at the time point t,_,. Therefore, in
such cases, there are 16 possibilities of the operating voltage
and operating temperature of the chip corresponding to the
time point t,, so that the chip can, at the first voltage adjust-
ment time point, find the corresponding operating voltage and
operating temperature from the operating voltages and oper-
ating temperatures of the chip in the obtained mapping rela-
tionship obtained above, which may improve the accuracy for
compensating for the minimum operating voltage of the chip.
It should be noted that the number and change step of the
different operating voltages and temperatures of the chip at
the time point t, are used as an example for description, and
the embodiment of the present invention is not limited
thereto.

In step 301, a specific implementation process of obtaining
the saturation current degradation percentage of the chip
within the time segment from the time point t, to t,, , corre-
sponding to each operating voltage and operating tempera-
ture may be:

Step 1: Obtain a drain-source voltage and a gate-source
voltage of each MOS transistor of the chip within a simulation
duration At after t,.

In the embodiment, the chip includes many MOS transis-
tors, where a case of saturation current degradation and
increase in threshold voltage of each MOS transistor can
reflect a case of chip aging. Therefore, at the time t,, the
drain-source voltage Vds and the gate-source voltage Vgs of
each MOS transistor of the chip within the simulation dura-
tion At after t, are obtained according to one operating voltage
and one operating temperature of the chip, where a length of
the simulation duration At is lower than a length of a time
segment between the time points.

Step 2: According to the operating temperature at t,, the
drain-source voltage, and a saturation current degradation
model of the MOS transistor caused by hot carrier injection
HCI, obtain a first saturation current degradation percentage
of'each MOS transistor within the time segment from t,; tot,,
caused by the HCI.

In the embodiment, the saturation current degradation
model of the MOS transistor caused by the hot carrier injec-
tion (Hot Carrier Injection, HCI for short) may be represented
by a formula 1, where the formula 1 is:

mitf, = Ay x Aid %" x 811V 5 gEal (KT)

where A,, n,, and B are coefficients related to the degra-
dation model; Ea, is activation energy of the HCI (that is,
energy required to change a common electron into a hot
carrier); K is a Boltzmann constant; mttf; is a use life of the
MOS transistor under the impact of the HCI; T is the operat-
ing temperature of the chip at t; Aid % is the saturation
current degradation percentage within mttf;; and Vds is the
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drain-source voltage of the MOS transistor. The saturation
current degradation percentage of the MOS transistor within
a unit time caused by the HCI may be obtained by using the
formula 1, where the saturation current degradation percent-
age may be represented by a formula 2, and the formula 2 is:

Aid %o=[d1/(4 x> VaOx FaV KDyt

Because Vds of the MOS transistor within the simulation
duration At is obtained, the saturation current degradation
percentage of the MOS transistor within the simulation dura-
tion At after the time t, caused by the HCI may be obtained by
using the formula 2, where the saturation current degradation
percentage may be represented by a formula 3, and the for-
mula 3 is:

At
Aid %:[f
0

In the embodiment, it may be deemed that an aging speed
of'the chip within the time segment from t, to t,, , is the same
as an aging speed within the simulation duration At. There-
fore, the first saturation current degradation percentage of the
MOS transistor within the time segment fromt,to t,, , caused
by the HCI may be obtained by using the formula 3, where the
first saturation current degradation percentage may be repre-
sented by a formula 4, and the formula 4 is:

i

where Aid % is the first saturation current degradation
percentage of the MOS transistor within the time segment
from t; to t,,; caused by the HCI.

Therefore, the first saturation current degradation percent-
age of each MOS transistor within the time segment from t, to
t,,, caused by the HCI may be obtained by using the formula
4.

Step 3: According to the operating temperature at t,, the
gate-source voltage, and a saturation current degradation
model of the MOS transistor caused by bias temperature
instability BTI, obtain a second saturation current degrada-
tion percentage of each MOS transistor within the time seg-
ment from t, to t,,, caused by the BTI.

In the embodiment, the saturation current degradation
model of the MOS transistor caused by the bias temperature
instability (Bias Temperature Instability, BTI for short) may
be represented by a formula 5, where the formula 5 is:

dr 1
(A] X eBX(L1Vds) x gFa1 /KTy

dr "1
(A; X @Bx(1/Vds) x gEa1 /KT))

fiv1 — 1

Ar

Aid %, =

mitfy = Ay x Aid %V"2 x e 11V89 x gFa2KT)

where A,, n,, and y are coefficients related to the degrada-
tion model; Ea, is activation energy of the BTI (that is, energy
required to move a cation to move to a gate); K is a Boltzmann
constant; mttf, is a use life of the MOS transistor under the
impact of the BTT; T is the operating temperature of the chip
at t,; Aid % is the saturation current degradation percentage
within mttf,; and Vgs is the gate-source voltage of the MOS
transistor. The saturation current degradation percentage of
the MOS transistor within a unit time caused by the BTI may
be obtained by using the formula 5, where the saturation
current degradation percentage may be represented by a for-
mula 6, and the formula 6 is:
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Aid Yo=[dt/ (4 x>V T8 Ea/EDy 2

Because Vgs of the MOS transistor within the simulation
duration At is obtained, the saturation current degradation
percentage of the MOS transistor within the simulation dura-
tion At after the time t, caused by the BT may be obtained by
using the formula 6, where the saturation current degradation
percentage may be represented by a formula 7, and the for-
mula 7 is:

At
Aid %:[f
0

In the embodiment, it may be deemed that an aging speed
of' the chip within the time segment from t, to t,, , is the same
as an aging speed within the simulation duration At. There-
fore, the second saturation current degradation percentage of
the MOS transistor within the time segment from t; to t,,
caused by the BTI may be obtained by using the formula 7,
where the second saturation current degradation percentage
may be represented by a formula 8, and the formula 8 is:

i

where Aid %, is the second saturation current degradation
percentage of the MOS ftransistor within the time segment
from t; to t,,; caused by the BTI.

Therefore, the second saturation current degradation per-
centage of each MOS transistor within the time segment from
t;tot,,, caused by the BTI may be obtained.

Step 4: Determine a sum of the first saturation current
degradation percentage and the second saturation current
degradation percentage of each MOS transistor within the
time segment from t, to t,, | as the saturation current degrada-
tion percentage of each MOS transistor within the time seg-
ment fromt,tot,, ;.

In the embodiment, because the MOS transistor is affected
by both the HCI and the BTI, the saturation current degrada-
tion percentage of the MOS transistor within the time seg-
ment from t, to t,,, is the sum of the first saturation current
degradation percentage of the MOS transistor within the time
segment from t, to t,,, caused by the HCI and the second
saturation current degradation percentage of the MOS tran-
sistor within the time segment from t, to t,,, caused by the
BTI. Therefore, the saturation current degradation percentage
of'each MOS transistor within the time segment from t,; tot,,
may be obtained by adding the first saturation current degra-
dation percentage and the second saturation current degrada-
tion percentage corresponding to each MOS transistor within
the time segment fromt, to t,, ;.

Further, a specific implementation process of step 302 in
the embodiment may be:

Step 1: Obtain a first output frequency of the chip within
the simulation duration At after t,.

In the embodiment, after the operating voltage and operat-
ing temperature of the chip at the time point t, are determined,
the chip operates at the operating voltage and operating tem-
perature within the simulation duration At after the time point
t;, S0 as to obtain the first output frequency of the chip within
the simulation duration At after t, corresponding to the oper-
ating voltage and operating temperature.

dr "2
(A X @r<(1/V2s) x gEar/(KT))

dr "2
(Ag X @r<(1/V2s) x pEas /(KT))

Ly =4
Ar

Aid %, =
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Step 2: Obtain a post-aging physical parameter of the chip
att,,; according to the saturation current degradation percent-
age of each MOS transistor within the time segment from t; to
ti+1 .

In the embodiment, it may be deemed that each MOS
transistor degrades according to their respective saturation
current degradation percentage within the time segment from
t,tot,,,, so as to calculate and obtain a physical parameter,
such as a change step in a threshold voltage of each MOS
transistor, of each MOS transistor after degradation accord-
ing to their respective saturation current degradation percent-
age. The change step in threshold voltage and the saturation
current degradation percentage satisfy a specific function
relationship. It should be noted that the saturation current
degradation percentage affects the physical parameter of the
MOS transistor in the same way as the prior art, which is not
described in the embodiment of the present invention. The
post-aging physical parameter of the chip at t,, ; may be deter-
mined according to the post-degradation physical parameter
of each MOS transistor.

Step 3: Perform simulation aging processing on the chip by
using the post-aging physical parameter.

In the embodiment, simulation aging processing is per-
formed on the chip according to the obtained post-aging
physical parameter of the chip at the time pointt,, |, so that the
physical parameter of the chip is the post-aging physical
parameter, thereby obtaining the post-aging chip.

Step 4: Enable the post-aging chip to operate at the oper-
ating temperature at t, within the simulation duration At, and
obtain a second output frequency of the post-aging chip
within the simulation duration At.

In the embodiment, the post-aging chip is enabled to oper-
ate at the operating temperature and voltage at t, within the
simulation duration At, so as to obtain the second output
frequency of the post-aging chip within the simulation dura-
tion At. For the purpose of ensuring that performance of the
post-aging chip is the same as performance of the chip prior to
aging (that is, the chip at the time point t,), the second output
frequency of the post-aging chip within the simulation dura-
tion At may be enabled to be the same as the first output
frequency of the chip within the simulation duration At. In the
embodiment, it may be deemed that a temperature of the chip
in the operation process is constant; therefore, the second
output frequency may be changed by changing the operating
voltage of the post-aging chip.

Step 5: When the second output frequency equals the first
output frequency, obtain the operating voltage of the post-
aging chip, and determine a difference between the operating
voltage of the post-aging chip and the operating voltage at t,
as the aging compensation voltage at t,, ;.

In the embodiment, when the second output frequency
equals the first output frequency, the operating voltage of the
post-aging chip after the change is obtained, and a difference
between the operating voltage of the post-aging chip and the
operating voltage set for the chip at the time point t, is deter-
mined as the aging compensation voltage at the time point
t,,,- That is, the operating voltage of the chip at the time point
t,,, requires that the aging compensation voltage at the time
point t,,, is to be added on the basis of the operating voltage
at the time point t,, so as to ensure that operation performance
of the chip at the time point t,,, is the same as operation
performance at the time point t,. This can obtain the aging
compensation voltage at t,, , corresponding to the operating
voltage and operating temperature at different t;, thereby gen-
erating the mapping relationship where thet,, , corresponds to
different operating voltages and temperatures, and the difter-
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ent operating voltages and temperatures correspond to difter-
ent aging compensation voltages.

It should be noted that more time points may be set in a first
stage of the life cycle of the chip than those in a second stage.
That is, in the first stage of the life cycle of the chip, the aging
speed ofthe chip is low, and therefore a long time interval may
be set between the time points; and in the second stage of the
life cycle of the chip, as the operation time of the chip
increases, the aging speed of the chip increases, and a small
time interval may be set between the time points. As a result,
this setting mode of the time points allows a small aging
compensation voltage to be obtained during most part of the
life cycle of the chip, so that the minimum operating voltage
of'the chip may be retained at a small value. Correspondingly,
this can effectively reduce the aging speed of the chip and the
power consumption of the chip, and further increase applica-
bility of the AVS technology.

It should be noted that in an actual implementation, the
above process of determining the mapping relationship may
be implemented by software.

FIG. 4 is a flowchart of an adaptive voltage scaling method
according to a third embodiment of the present invention. As
shown in FIG. 4, the method according to the embodiment
may include:

Step 401: Divide multiple voltage adjustment time points
according to a life cycle of a chip.

In the embodiment, reference may be made to the related
description in step 201 for a detailed process of a specific
implementation of dividing the multiple voltage adjustment
time points according to the life cycle of the chip, which is not
described herein.

Step 402: Obtain an aging effect-related operating voltage
and operating temperature in a chip at a first voltage adjust-
ment time point, where the first voltage adjustment time point
is one of the multiple voltage adjustment time points set for
the chip.

In the embodiment, multiple voltage adjustment time
points are set for the chip within the life cycle of the chip, and
then operation time of the chip is recorded. Specifically, a
counter may be set in the chip, where the counter records the
operation time of the chip, and the counter also stores the
recorded operation time of the chip to a storage medium (for
example, a non-volatile memory), so as to avoid a loss of the
recorded operation time of the chip when the chip is powered
off. This can improve accuracy for adjusting a minimum
operating voltage of the chip.

When the counter records that the operation time of the
chip is one adjustment time point of the multiple voltage
adjustment time points within the life cycle of the chip, indi-
cating the first voltage adjustment time point is reached, the
minimum operating voltage of the chip needs to be compen-
sated for. In such cases, the operating voltage and the operat-
ing temperature of the chip should be obtained. Reference
may be made to the related description in step 203 for a
specific implementation process of obtaining the operating
voltage of the chip and obtaining the operating temperature of
the chip, which is not described repeatedly herein.

Step 403: Obtain an aging compensation voltage corre-
sponding to the first voltage adjustment time point by per-
forming aging calculation according to the operating voltage
and operating temperature of the chip.

In the embodiment, a specific process of obtaining, when
the first voltage adjustment time point is reached and by
performing aging calculation, a saturation current degrada-
tion percentage of the chip within a time segment from the
first voltage adjustment time point to a next voltage adjust-
ment time point corresponding to the current operating volt-
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age and operating temperature of the chip may be: obtaining
a drain-source voltage and a gate-source voltage of at least
one MOS transistor within a simulation duration At after the
first voltage adjustment time point; according to the operating
temperature at the first voltage adjustment time point, the
drain-source voltage, and a saturation current degradation
model of at least one MOS transistor caused by HCI, obtain-
ing a first saturation current degradation percentage of the at
least one MOS transistor from the first voltage adjustment
time to the next voltage adjustment time point caused by the
HCI; according to the operating temperature at the first volt-
age adjustment time point, the gate-source voltage, and a
saturation current degradation model of the least one MOS
transistor caused by BTI, obtaining a second saturation cur-
rent degradation percentage of each MOS transistor from the
first voltage adjustment time point to the next voltage adjust-
ment time point caused by the BTI; determining a sum of the
first saturation current degradation percentage and the second
saturation current degradation percentage of each MOS tran-
sistor within the time segment from the first voltage adjust-
ment time point to the next voltage adjustment time point as
a saturation current degradation percentage of each MOS
transistor within the time segment from the first voltage
adjustment time point to the next voltage adjustment time
point; and then determining a maximum value of the satura-
tion current degradation percentages of the MOS transistors
as the saturation current degradation percentage of the chip
within from the first voltage adjustment time point to the next
voltage adjustment time point. Reference may be made to the
related descriptionin step 301 for a detailed process of obtain-
ing the saturation current degradation percentage of the MOS
transistor, which is not described repeatedly herein.

After the saturation current degradation percentage of the
chip from the first voltage adjustment time point to the next
voltage adjustment time point corresponding to the current
operating voltage and the operating temperature of chip is
obtained, the saturation current degradation percentage and a
related state parameter are substituted into an aging model, so
as to calculate and obtain an aging compensation voltage
corresponding to the first voltage adjustment time point,
where the aging model may be an existing one. It should be
noted that this process may be implemented by using an aging
model in the prior art or future art to calculate and obtain the
aging compensation voltage corresponding to the voltage
adjustment time point, where the present invention sets no
limit thereto.

Step 404: Compensate for the minimum operating voltage
of'the chip according to the aging compensation voltage, so as
to adjust the operating voltage of the chip.

Inthe embodiment, after the aging compensation voltage is
obtained, when the next voltage adjustment time point is
reached, the minimum operating voltage of the chip is com-
pensated for according to the obtained aging compensation
voltage, and then the operating voltage of the chip is adjusted
according to the minimum operating voltage after compen-
sation. Reference may be made to the related description in
step 205 for a detailed process of a specific implementation of
compensating for the minimum operating voltage of the chip
according to the aging compensation voltage to adjust the
operating voltage of the chip, which is not described repeat-
edly herein.

Perform step 402 to step 404 repeatedly so that the chip can
obtain the operating voltage and the operating temperature of
the chip at each voltage adjustment time point within the life
cycle of the chip, determine the aging compensation voltage
according to the operating voltage and/or operating tempera-
ture of the chip at each voltage adjustment time point, and
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then compensate for the minimum operating voltage of the
chip, so as to compensate for the minimum operating voltage
of'the chip according to the current state parameter of the chip
multiple times within the life cycle of the chip, improve the
accuracy for compensating for the minimum operating volt-
age of the chip, and adjust the operating voltage of the chip
according to the minimum operating voltage after compen-
sation.

In the adaptive voltage scaling method according to the
third embodiment of the preset invention, the multiple voltage
adjustment time points are divided according to the life cycle
of the chip; the aging effect-related operating voltage and
operating temperature in the chip are obtained at the first
voltage adjustment time point; the aging compensation volt-
age corresponding to the first voltage adjustment time point is
obtained by performing aging calculation according to the
operating voltage and the operating temperature of the chip;
and the minimum operating voltage of the chip is compen-
sated for according to the aging compensation voltage, so as
to adjust the operating voltage of the chip. Because multiple
voltage adjustment time points are set within the life cycle of
the chip, and the accurate aging compensation voltage is
obtained in real time according to the operating voltage and
the operating temperature at each voltage adjustment time
point, the minimum operating voltage of the chip from the
first voltage adjustment time point to a next voltage adjust-
ment time point may be accurately compensated for multiple
time points within the life cycle of the chip, so that the
operating voltage of the chip at the next voltage adjustment
time point is not lower than the minimum operating voltage
after compensation, thereby solving the problems of aging
acceleration and power consumption increase for the chip.

FIG. 5 is a schematic structural diagram of an adaptive
voltage scaling chip according to a first embodiment of the
present invention. As shown in FIG. 5, the chip according to
the embodiment may include: an obtaining module 11, a
determining module 12, and a processing module 13, where
the obtaining module 11 is configured to obtain an aging
effect-related state parameter in the chip at a first voltage
adjustment time point, where the first voltage adjustment time
point is one of multiple voltage adjustment time points set for
the chip; the determining module 12 is configured to deter-
mine an aging compensation voltage corresponding to the
first voltage adjustment time point according to the state
parameter; and the processing module 13 is configured to
compensate for a minimum operating voltage of the chip
according to the aging compensation voltage, so as to adjust
an operating voltage of the chip.

The adaptive voltage scaling chip according to the embodi-
ment may be configured to implement the technical solution
according to the method embodiments of the present inven-
tion described above, where the implementation principle and
technical effects are similar. Reference may be made to the
description of the foregoing embodiments for details, which
is not described repeatedly herein.

FIG. 6 is an adaptive voltage scaling chip according to a
second embodiment of the present invention. As shown in
FIG. 6, on the basis of the chip structure illustrated in FIG. 5,
the chip according to the embodiment may further include a
dividing module 14, where the dividing module 14 is config-
ured to divide, before the obtaining module 11 obtains the
aging effect-related state parameter in the chip at the first
voltage adjustment time point, multiple voltage adjustment
time points according to the life cycle of the chip.

Further, the dividing module 14 is specifically configured
to divide the multiple voltage adjustment time points by using
a decreasing time interval between every two neighboring
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voltage adjustment time points; or divide the multiple voltage
adjustment time points by using an equal interval; or divide
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip.

Preferably, the state parameter includes an operating volt-
age and an operating temperature.

Further, the determining module 12 is specifically config-
ured to query a storage medium according to the state param-
eter to obtain the aging compensation voltage corresponding
to the first voltage adjustment time point, where the storage
medium stores a mapping relationship, which is obtained by
aging simulation, between the multiple voltage adjustment
time points and a respective state parameter and aging com-
pensation voltage at each voltage adjustment time point; or
obtain the aging compensation voltage by performing aging
calculation according to the state parameter.

Further, the processing module 13 is specifically config-
ured to send a voltage adjustment request to a PMIC, where
the voltage adjustment request includes the aging compensa-
tion voltage, so that the PMIC adjusts the operating voltage of
the chip according to a voltage sum of a supply voltage
currently supplied to the chip and the aging compensation
voltage; or send a voltage adjustment request to the PMIC,
where the voltage adjustment request includes a voltage sum
of the current operating voltage of the chip and the aging
compensation voltage, so that the PMIC adjusts the operating
voltage of the chip according to the voltage sum.

The mapping relationship, which is obtained by aging
simulation, between the multiple voltage adjustment time
points and the respective state parameter and aging compen-
sation voltage at each voltage adjustment time point is
obtained in the following mode:

at a time point t, and according to different operating volt-
ages and operating temperatures of the chip, obtaining a
saturation current degradation percentage of the chip within a
time segment from the time point t, to t,,, corresponding to
each operating voltage and operating temperature; and

modifying the operating voltage at the time point t; accord-
ing to the saturation current degradation percentage, so as to
obtain an aging compensation voltage at the time point t,
corresponding to each operating voltage and operating tem-
perature;

where 1 is an integer greater than or equal to 0; the number
of'time points is greater than or equal to the number of voltage
adjustment time points; the operating voltage of the chip at
the time point t, is a sum of an operating voltage of the chip at
a time point t,_; and an aging compensation voltage at the
time point t,_, corresponding to the operating voltage and
operating temperature of the chip at the time point t,.

Further, the obtaining the saturation current degradation
percentage of the chip within the time segment from the time
point t, to t,,; corresponding to each operating voltage and
operating temperature includes:

obtaining a drain-source voltage and a gate-source voltage
of'each MOS transistor of the chip within a simulation dura-
tion At after t;;

according to the operating temperature at t,, the drain-
source voltage, and a saturation current degradation model of
the MOS transistor caused by hot carrier injection HCI,
obtaining a first saturation current degradation percentage of
each MOS transistor within the time segment from t, to t,,
caused by the HCI;

according to the operating temperature att,, the gate-source
voltage, and a saturation current degradation model of the
MOS transistor caused by bias temperature instability BTI,
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obtaining a second saturation current degradation percentage
of'each MOS transistor within the time segment fromt, tot,
caused by the BTI; and

determining a sum of the first saturation current degrada-
tion percentage and the second saturation current degradation
percentage of each MOS transistor within the time segment
fromt, to t,,, asthe saturation current degradation percentage
of each MOS transistor within the time segment fromt, tot,, ;.

The modifying the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain the aging compensation voltage at the time point
t,,, corresponding to each operating voltage and operating
temperature includes:

obtaining a first output frequency of the chip within the
simulation duration At after t;;

obtaining a post-aging physical parameter of the chip att,,
according to the saturation current degradation percentage of
each MOS transistor within the time segment from t, to t,, ;

performing simulation aging processing on the chip by
using the post-aging physical parameter;

enabling the post-aging chip to operate at the operating
temperature at t, within the simulation duration At, and
obtaining a second output frequency of the post-aging chip
within the simulation duration At; and

when the second output frequency equals the first output
frequency, obtaining the operating voltage of the post-aging
chip, and determining a difference between the operating
voltage of the post-aging chip and the operating voltage at t,
as the aging compensation voltage at t, ;.

The adaptive voltage scaling chip according to the embodi-
ment may be configured to implement the technical solution
according to the method embodiments of the present inven-
tion described above, where the implementation principle and
technical effects are similar. Reference may be made to the
description of the foregoing embodiments for details, which
is not described repeatedly herein.

FIG. 7 is a schematic structural diagram of an adaptive
voltage scaling chip according to a third embodiment of the
present invention. As shown in FIG. 7, the chip according to
the embodiment may include an aging controller 21 and an
AVS controller 22, where the aging controller 21 is config-
ured to obtain an aging effect-related state parameter in the
chip at a first voltage adjustment time point, where the first
voltage adjustment time point is one of multiple voltage
adjustment time points set for the chip, and determine an
aging compensation voltage corresponding to the first voltage
adjustment time point according to the state parameter; and
the AVS controller 22 is configured to compensate for a
minimum operating voltage of the chip according to the aging
compensation voltage, so as to adjust an operating voltage of
the chip.

The adaptive voltage scaling chip according to the embodi-
ment may be configured to implement the technical solution
according to the method embodiments of the present inven-
tion described above, where the implementation principle and
technical effects are similar. Reference may be made to the
description of the foregoing embodiments for details, which
is not described repeatedly herein.

FIG. 8 is an adaptive voltage scaling chip according to a
fourth embodiment of the present invention. As shown in FIG.
8, on the basis of the chip structure illustrated in FIG. 7, in the
chip according to the embodiment, the aging controller 21 is
further configured to divide, before obtaining the aging
effect-related state parameter in the chip at the first voltage
adjustment time point, the multiple voltage adjustment time
points according to the life cycle of the chip.
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Further, the aging controller 21 is specifically configured to
divide the multiple voltage adjustment time points by using a
decreasing time interval between every two neighboring volt-
age adjustment time points; or divide the multiple voltage
adjustment time points by using an equal interval; or divide
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip.

Preferably, the state parameter includes an operating volt-
age and an operating temperature.

Further, the chip according to the embodiment may further
include a storage medium 23, where the storage medium 23 is
configured to store a mapping relationship, that is obtained by
aging simulation, between the multiple voltage adjustment
time points and a respective state parameter and aging com-
pensation voltage at each voltage adjustment time point. The
aging controller 21 is specifically configured to query the
storage medium 23 according to the state parameter to obtain
the aging compensation voltage corresponding to the first
voltage adjustment time point, or obtain the aging compen-
sation voltage by performing aging calculation according to
the state parameter.

Further, the AV'S controller 22 is specifically configured to
send a voltage adjustment request to a PMIC, where the
voltage adjustment request includes the aging compensation
voltage, so that the PMIC adjusts the operating voltage of the
chip according to a voltage sum of a supply voltage currently
supplied to the chip and the aging compensation voltage; or
send a voltage adjustment request to the PMIC, where the
voltage adjustment request includes a voltage sum of the
current operating voltage of the chip and the aging compen-
sation voltage, so that the PMIC adjusts the operating voltage
of the chip according to the voltage sum.

The mapping relationship, which is obtained by aging
simulation, between the multiple voltage adjustment time
points and the respective state parameter and aging compen-
sation voltage at each voltage adjustment time point is
obtained in the following mode:

at a time point t, and according to different operating volt-
ages and operating temperatures of the chip, obtaining a
saturation current degradation percentage of the chip within a
time segment from the time point t, to t,,, corresponding to
each operating voltage and operating temperature; and

modifying the operating voltage at the time point t; accord-
ing to the saturation current degradation percentage, so as to
obtain an aging compensation voltage at the time point t,,
corresponding to each operating voltage and operating tem-
perature;

where 1 is an integer greater than or equal to 0; the number
of'time points is greater than or equal to the number of voltage
adjustment time points; the operating voltage of the chip at
the time point t, is a sum of an operating voltage of the chip at
a time point t,_, and an aging compensation voltage at the
time point t,_, corresponding to the operating voltage and
operating temperature of the chip at the time point t,.

Further, the obtaining the saturation current degradation
percentage of the chip within the time segment from the time
point t, to t,,, corresponding to each operating voltage and
operating temperature includes:

obtaining a drain-source voltage and a gate-source voltage
of'each MOS transistor of the chip within a simulation dura-
tion At after t;;

according to the operating temperature at t,, the drain-
source voltage, and a saturation current degradation model of
the MOS transistor caused by hot carrier injection HCI,
obtaining a first saturation current degradation percentage of
each MOS transistor within the time segment from t, to t,,
caused by the HCI;
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according to the operating temperature at t,, the gate-source
voltage, and a saturation current degradation model of the
MOS transistor caused by bias temperature instability BTL,
obtaining a second saturation current degradation percentage
of'each MOS transistor within the time segment fromt, tot,
caused by the BTI; and

determining a sum of the first saturation current degrada-
tion percentage and the second saturation current degradation
percentage of each MOS transistor within the time segment
fromt, to t,,, asthe saturation current degradation percentage
of each MOS transistor within the time segment fromt, tot,, ;.

The modifying the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain the aging compensation voltage at the time point
t,,, corresponding to each operating voltage and operating
temperature includes:

obtaining a first output frequency of the chip within the
simulation duration At after t;;

obtaining a post-aging physical parameter of the chip att,,
according to the saturation current degradation percentage of
each MOS transistor within the time segment from t, to t,, ;

performing simulation aging processing on the chip by
using the post-aging physical parameter;

enabling the post-aging chip to operate at the operating
temperature at t, within the simulation duration At, and
obtaining a second output frequency of the post-aging chip
within the simulation duration At; and

when the second output frequency equals the first output
frequency, obtaining the operating voltage of the post-aging
chip, and determining a difference between the operating
voltage of the post-aging chip and the operating voltage at t,
as the aging compensation voltage at t, ;.

The adaptive voltage scaling chip according to the embodi-
ment may be configured to implement the technical solution
according to the method embodiments of the present inven-
tion described above, where the implementation principle and
technical effects are similar. Reference may be made to the
description of the foregoing embodiments for details, which
is not described repeatedly herein.

FIG. 9 is a schematic structural diagram of an adaptive
voltage scaling chip according to a fifth embodiment of the
present invention. As shown in FIG. 9, an AVS chip 30
according to the embodiment may be a chip in a mobile
terminal, a chip in a set-top box, a chip in a router, or a chip in
a base station device, and the embodiment sets no limit
thereto.

The AVS chip 30 according to the embodiment may
include a processor (Processor) 31, a communication inter-
face (Communication Interface) 32, a memory (memory) 33,
and a communication bus 34, where the processor 31, the
communication interface 32, and the memory 33 perform
communication between the devices by using the communi-
cation bus 34, and the processor 31 further communicates
with an external device by using the communication interface
32. The external device may be a PMIC or a processor of the
external device, and the like.

The memory 33 is configured to store a program 332. The
memory 33 may include a non-volatile memory (non-volatile
Memory).

The processor 31 is configured to execute the program 332.
Specifically, the program 332 may include program code. The
processor 31 may be a central processing unit (Central Pro-
cessing Unit, CPU for short), or an application-specific inte-
grated circuit (Application Specific Integrated Circuit, ASIC
for short), or be configured to be one or more integrated
circuits implementing the embodiments the present inven-
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tion. The processor 31 according to the embodiment can
perform the following operations by invoking the program
332:

obtaining an aging effect-related state parameter in a chip
ata first voltage adjustment time point, where the first voltage
adjustment time point is one of multiple voltage adjustment
time points set for the chip; determining an aging compensa-
tion voltage corresponding to the first voltage adjustment
time point according to the state parameter; and compensat-
ing for a minimum operating voltage of the chip according to
the aging compensation voltage, so as to adjust an operating
voltage of the chip.

Further, before the obtaining the aging effect-related state
parameter in the chip at the first voltage adjustment time
point, the operation further includes dividing the multiple
voltage adjustment time points according to a life cycle of the
chip.

Further, the dividing the multiple voltage adjustment time
points according to the life cycle of the chip includes: divid-
ing the multiple voltage adjustment time points by using a
decreasing time interval between every two neighboring volt-
age adjustment time points; or dividing the multiple voltage
adjustment time points by using an equal interval; or dividing
the multiple voltage adjustment time points according to a
slope of an aging effect curve of the chip.

Preferably, the state parameter includes an operating volt-
age and an operating temperature.

Further, the determining the aging compensation voltage
corresponding to the first voltage adjustment time point
according to the state parameter includes: querying a storage
medium according to the state parameter to obtain the aging
compensation voltage corresponding to the first voltage
adjustment time point, where the storage medium stores a
mapping relationship, which is obtained by aging simulation,
between the multiple voltage adjustment time points and a
respective state parameter and aging compensation voltage at
each voltage adjustment time point; or obtaining the aging
compensation voltage by performing aging calculation
according to the state parameter.

The mapping relationship, which is obtained by aging
simulation, between the multiple voltage adjustment time
points and the respective state parameter and aging compen-
sation voltage at each voltage adjustment time point is
obtained in the following mode:

at a time point t, and according to different operating volt-
ages and operating temperatures of the chip, obtaining a
saturation current degradation percentage of the chip within a
time segment from the time point t, to t,,, corresponding to
each operating voltage and operating temperature; and modi-
fying the operating voltage at the time pointt, according to the
saturation current degradation percentage, so as to obtain an
aging compensation voltage at the time pointt,, ; correspond-
ing to each operating voltage and operating temperature;
where 1 is an integer greater than or equal to 0; the number of
time points is greater than or equal to the number of voltage
adjustment time points; the operating voltage of the chip at
the time point t, is a sum of an operating voltage of the chip at
a time point t,_, and an aging compensation voltage at the
time point t,_, corresponding to the operating voltage and
operating temperature of the chip at the time point t,.

Further, the obtaining the saturation current degradation
percentage of the chip within the time segment from the time
point t, to t,,; corresponding to each operating voltage and
operating temperature includes: obtaining a drain-source
voltage and a gate-source voltage of each MOS transistor of
the chip within a simulation duration At after t,; according to
the operating temperature at t,, the drain-source voltage, and
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a saturation current degradation model of the MOS transistor
caused by hot carrier injection HCI, obtaining a first satura-
tion current degradation percentage of each MOS transistor
within the time segment from t, to t,,, caused by the HCI;
according to the operating temperature at t,, the gate-source
voltage, and a saturation current degradation model of the
MOS transistor caused by bias temperature instability BTL,
obtaining a second saturation current degradation percentage
of'each MOS transistor within the time segment fromt, tot,
caused by the BTI; and determining a sum of the first satura-
tion current degradation percentage and the second saturation
current degradation percentage of each MOS transistor
within the time segment fromt, to t,, | as the saturation current
degradation percentage of each MOS transistor within the
time segment from t;to t,, ;.

The modifying the operating voltage at the time point t,
according to the saturation current degradation percentage, so
as to obtain the aging compensation voltage at the time point
t,,, corresponding to each operating voltage and operating
temperature includes: obtaining a first output frequency of the
chip within the simulation duration At after t;; obtaining a
post-aging physical parameter of the chip att, according to the
saturation current degradation percentage of each MOS tran-
sistor within the time segment from t,,, to t,,; performing
simulation aging processing on the chip by using the post-
aging physical parameter; enabling the post-aging chip to
operate at the operating temperature at t;, within the simulation
duration At, and obtaining a second output frequency of the
post-aging chip within the simulation duration At; and when
the second output frequency equals the first output frequency,
obtaining the operating voltage of the post-aging chip, and
determining a difference between the operating voltage of the
post-aging chip and the operating voltage at t, as the aging
compensation voltage att,, ;.

Further, the compensating for the minimum operating volt-
age of the chip according to the aging compensation voltage,
so as to adjust an operating voltage of the chip includes:
sending a voltage adjustment request to a power manager
integrated circuit PMIC, where the voltage adjustment
request includes the aging compensation voltage, so that the
PMIC adjusts the operating voltage of the chip according to a
voltage sum of the supply voltage currently supplied to the
chip and the aging compensation voltage; or sending a volt-
age adjustment request to the PMIC, where the voltage
adjustment request includes a voltage sum of the current
operating voltage of the chip and the aging compensation
voltage, so that the PMIC adjusts the operating voltage of the
chip according to the voltage sum.

It should be noted that reference may be made to the
method embodiments of the present invention described
above for the technical solution specifically implemented by
the processor 31 by invoking the program 332, where the
implementation principle and technical effects thereof are
similar, which is not described repeatedly herein.

FIG. 10 is a schematic structural diagram of an adaptive
voltage scaling system according to a first embodiment of the
present invention. As shown in FIG. 10, the system according
to the embodiment includes an AVS chip 40 and a PMIC 50,
where the AVS chip 40 may uses a structure according to any
one AVS chip embodiment illustrated in FIG. 5 to FIG. 8, and
can correspondingly implement the technical solution of the
method embodiments of the present invention described
above, where the implementation principle and technical
effects are similar, which is not described repeatedly herein.

FIG. 11 is a schematic structural diagram of an adaptive
voltage scaling system according to a second embodiment of
the present invention. As shown in FIG. 11, the AVS system

15

40

45

65

26

according to the embodiment may include an AVS chip 30
and a PMIC 60, where the AVS chip 30 is the AVS chip 30
illustrated in FIG. 9. For details, reference may be made to the
embodiment illustrated in FIG. 9. The AVS chip 30 commu-
nicates with the PMIC 60 by using a communication interface
32. The AVS chip 30, when obtaining, at a first voltage adjust-
ment time point, an aging compensation voltage correspond-
ing to the first voltage adjustment time point, sends an AVS
control voltage to the PMIC 60, where the AVS control volt-
age includes the aging compensation voltage. The PMIC 60
receives the AVS control voltage, so as to compensate for a
minimum operating voltage of the AVS chip 30, and then
adjust, according to the minimum operating voltage after
compensation, a supply voltage supplied to the AVS chip 30,
thereby enabling the AVS chip 30 to operate at the adjusted
supply voltage.

Persons of ordinary skill in the art may understand that all
or a part of the steps of the foregoing method embodiments
may be implemented by a program instructing relevant hard-
ware. The foregoing program may be stored in a computer
readable storage medium. When the program runs, the steps
of the foregoing method embodiments are performed. The
foregoing storage mediums include various mediums capable
of storing program codes, such as an ROM, an RAM, a
magnetic disc, or an optical disc.

Finally, it should be noted that the foregoing embodiments
are merely intended for describing the technical solutions of
the present invention other than limiting the present inven-
tion. Although the present invention is described in detail with
reference to the foregoing embodiments, persons of ordinary
skill in the art should understand that they may still make
modifications to the technical solutions described in the fore-
going embodiments, or make equivalent replacements to
some or all the technical features thereof, without departing
from the spirit and scope of the technical solutions of the
embodiments of the present invention.

What is claimed is:

1. An adaptive voltage scaling method, comprising:

obtaining an aging effect-related state parameter in a chip

at a first voltage adjustment time point, wherein the first
voltage adjustment time point is one of multiple voltage
adjustment time points set for the chip;

determining an aging compensation voltage corresponding

to the first voltage adjustment time point according to the
state parameter, wherein the aging compensation volt-
age is determined using a value of a percent degradation
in a transistor saturation current within a time segment
beginning from the time point; and

compensating for a minimum operating voltage of the chip

according to the aging compensation voltage, so as to
adjust an operating voltage of the chip.
2. The method according to claim 1, wherein before obtain-
ing the aging effect-related state parameter, the method fur-
ther comprises dividing the multiple voltage adjustment time
points according to a life cycle of the chip.
3. The method according to claim 2, wherein dividing the
multiple voltage adjustment time points according to the life
cycle of the chip comprises:
dividing the multiple voltage adjustment time points by
using a decreasing time interval between every two
neighboring voltage adjustment time points; or

dividing the multiple voltage adjustment time points by
using an equal interval; or

dividing the multiple voltage adjustment time points

according to a slope of an aging effect curve of the chip.
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4. The method according to claim 1, wherein the state
parameter comprises an operating voltage and an operating
temperature.

5. The method according to claim 4, wherein determining
the aging compensation voltage comprises:

querying a storage medium according to the state param-

eter to obtain the aging compensation voltage corre-
sponding to the first voltage adjustment time point,
wherein the storage medium stores a mapping relation-
ship, which is obtained by aging simulation, between the
multiple voltage adjustment time points and a respective
state parameter and aging compensation voltage at each
voltage adjustment time point; or

obtaining the aging compensation voltage by performing

and aging calculation according to the state parameter.
6. The method according to claim 5, wherein the mapping
relationship is determined as follows:
at a time point t, and according to different operating volt-
ages and operating temperatures of the chip, obtaining a
saturation current degradation percentage of the chip
within a time segment from the time point t, to t,,,
corresponding to each operating voltage and operating
temperature; and
modifying the operating voltage at the time point t, accord-
ing to the saturation current degradation percentage, so
as to obtain an aging compensation voltage at the time
point t,, , corresponding to each operating voltage and
operating temperature;
wherein i1s an integer greater than or equal to 0; the number
of time points is greater than or equal to the number of
voltage adjustment time points; the operating voltage of
the chip at the time point t; is a sum of an operating
voltage of the chip at a time point t, | and an aging
compensation voltage at the time point t, corresponding
to the operating voltage and operating temperature of the
chip at the time point t,_;.
7. The method according to claim 6, wherein obtaining the
saturation current degradation percentage of the chip within
the time segment from the time point t, to t,, , corresponding
to each operating voltage and operating temperature com-
prises:
obtaining a drain-source voltage and a gate-source voltage
of each MOS transistor of the chip within a simulation
duration At after t;;

according to the operating temperature at t;, the drain-
source voltage, and a saturation current degradation
model of the MOS transistor caused by hot carrier injec-
tion (HCI), obtaining a first saturation current degrada-
tion percentage of each MOS transistor within the time
segment from t, to t,, , caused by the HCI;
according to the operating temperature at t,, the gate-source
voltage, and a saturation current degradation model of
the MOS transistor caused by bias temperature instabil-
ity (BTI), obtaining a second saturation current degra-
dation percentage of each MOS transistor within the
time segment from t; to t,, ; caused by the BTT; and

determining a sum of the first saturation current degrada-
tion percentage and the second saturation current deg-
radation percentage of each MOS transistor within the
time segment from t; to t,,, as the saturation current
degradation percentage of each MOS transistor within
the time segment from t; to t,, ,; and

the modifying the operating voltage at the time point t,

according to the saturation current degradation percent-
age, so as to obtain the aging compensation voltage at the
time point t,, ; corresponding to each operating voltage
and operating temperature comprises:
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obtaining a first output frequency of the chip within the
simulation duration At after t;;

obtaining a post-aging physical parameter of the chip att,, ;
according to the saturation current degradation percent-
age of each MOS transistor within the time segment
fromt;tot,,;

performing simulation aging processing on the chip by

using the post-aging physical parameter;

enabling the post-aging chip to operate at the operating

temperature at t, within the simulation duration At, and
obtaining a second output frequency of the post-aging
chip within the simulation duration At; and

when the second output frequency equals the first output

frequency, obtaining the operating voltage of the post-
aging chip, and determining a difference between the
operating voltage of the post-aging chip and the operat-
ing voltage att, as the aging compensation voltage att,, ;.

8. The method according to claim 1, wherein compensating
for the minimum operating voltage of the chip comprises:

sending a voltage adjustment request to a power manager

integrated circuit (PMIC), wherein the voltage adjust-
ment request comprises the aging compensation volt-
age, so that the PMIC adjusts the operating voltage of the
chip according to a voltage sum of a supply voltage
currently supplied to the chip and the aging compensa-
tion voltage; or

sending a voltage adjustment request to the PMIC, wherein

the voltage adjustment request comprises a voltage sum
of a current operating voltage of the chip and the aging
compensation voltage, so that the PMIC adjusts the
operating voltage of the chip according to the voltage
sum.

9. The method according to claim 1, wherein determining
the aging compensation voltage comprises:

at the first voltage adjustment time point, obtaining the

aging compensation voltage corresponding to the oper-
ating voltage and an operating temperature of the chip at
a time point preceding the first voltage adjustment time
point.

10. The method according to claim 9, wherein compensat-
ing for a minimum operating voltage of the chip according to
the aging compensation voltage comprises:

setting the operating voltage to a sum of the obtained aging

compensation voltage at the first voltage adjustment
time point and the operating voltage during the time
point preceding the first voltage adjustment time point.

11. An adaptive voltage scaling chip, comprising:

an aging controller, configured to obtain an aging effect-

related state parameter in the chip at a first voltage
adjustment time point, wherein the first voltage adjust-
ment time point is one of multiple voltage adjustment
time points set for the chip, the aging controller further
configured to determine an aging compensation voltage
corresponding to the first voltage adjustment time point
according to the state parameter, wherein the aging com-
pensation voltage is determined by the aging controller
using a value of a percent degradation in a transistor
saturation current within a time segment beginning from
the time point; and

an adaptive voltage scaling controller, configured to com-

pensate for a minimum operating voltage of the chip
according to the aging compensation voltage, so as to
adjust an operating voltage of the chip.

12. The chip according to claim 11, wherein the aging
controller is further configured to divide, before obtaining the
aging effect-related state parameter in the chip at the first
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voltage adjustment time point, the multiple voltage adjust-
ment time points according to a life cycle of the chip.

13. The chip according to claim 12, wherein the aging
controller is specifically configured to divide the multiple
voltage adjustment time points by using a decreasing time
interval between every two neighboring voltage adjustment
time points; or to divide the multiple voltage adjustment time
points by using an equal interval; or to divide the multiple
voltage adjustment time points according to a slope of an
aging effect curve of the chip.

14. The chip according to claim 11, wherein the state
parameter comprises an operating voltage and an operating
temperature.

15. The chip according to claim 14, wherein the chip fur-
ther include a storage medium, which is configured to store a
mapping relationship, which is obtained by aging simulation,
between the multiple voltage adjustment time points and a
respective state parameter and aging compensation voltage at
each voltage adjustment time point; and

wherein the aging controller is specifically configured to

query the storage medium according to the state param-
eter to obtain the aging compensation voltage corre-
sponding to the first voltage adjustment time point.
16. The chip according to claim 15, wherein the mapping
relationship is obtained as follows:
at a time point t, and according to different operating volt-
ages and operating temperatures of the chip, obtaining a
saturation current degradation percentage of the chip
within a time segment from the time point t, to t,,,
corresponding to each operating voltage and operating
temperature; and
modifying the operating voltage at the time point t, accord-
ing to the saturation current degradation percentage, so
as to obtain an aging compensation voltage at the time
point t,,, corresponding to each operating voltage and
operating temperature;
where i is an integer greater than or equal to 0; the number
of time points is greater than or equal to the number of
voltage adjustment time points; the operating voltage of
the chip at the time point t, is a sum of an operating
voltage of the chip at a time point t,_, and an aging
compensation voltage at the time point t,_, correspond-
ing to the operating voltage and operating temperature
of the chip at the time point t,.
17. The chip according to claim 16, wherein the obtaining
the saturation current degradation percentage of the chip
within the time segment from the time point t; to t,,, corre-
sponding to each operating voltage and operating tempera-
ture includes:
obtaining a drain-source voltage and a gate-source voltage
of each MOS transistor of the chip within a simulation
duration At after t;;

according to the operating temperature at t;, the drain-
source voltage, and a saturation current degradation
model of the MOS transistor caused by hot carrier injec-
tion (HCI), obtaining a first saturation current degrada-
tion percentage of each MOS transistor within the time
segment from t, to t,, , caused by the HCI;

according to the operating temperature at t,, the gate-source

voltage, and a saturation current degradation model of
the MOS transistor caused by bias temperature instabil-
ity (BTI), obtaining a second saturation current degra-
dation percentage of each MOS transistor within the
time segment from t; to t,,; caused by the BTI; and
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determining a sum of the first saturation current degrada-
tion percentage and the second saturation current deg-
radation percentage of each MOS transistor within the
time segment from t; to t,,, as the saturation current
degradation percentage of each MOS transistor within
the time segment fromt, to t,, ;.

18. The chip according to claim 14, wherein the aging
controller is configured to obtain the aging compensation
voltage by performing aging calculation according to the
state parameter.

19. The chip according to claim 11, wherein the adaptive
voltage scaling controller is configured to send a voltage
adjustment request to a PMIC, wherein the voltage adjust-
ment request includes the aging compensation voltage, so that
the PMIC adjusts the operating voltage of the chip according
to a voltage sum of a supply voltage currently supplied to the
chip and the aging compensation voltage; or to send a voltage
adjustment request to the PMIC, wherein the voltage adjust-
ment request includes a voltage sum of a current operating
voltage of the chip and the aging compensation voltage, so
that the PMIC adjusts the operating voltage of the chip
according to the voltage sum.

20. An adaptive voltage scaling system, comprising an
adaptive voltage scaling chip and a power manager integrated
circuit (PMIC), wherein the adaptive voltage scaling chip
comprising:

an aging controller, configured to obtain an aging effect-

related state parameter in the chip at a first voltage
adjustment time point, wherein the first voltage adjust-
ment time point is one of multiple voltage adjustment
time points set for the chip, wherein the aging controller
is further configured to determine an aging compensa-
tion voltage corresponding to the first voltage adjust-
ment time point according to the state parameter, and
wherein the aging compensation voltage is determined
by the aging controller using a value of a percent degra-
dation in a transistor saturation current within a time
segment beginning from the time point; and

an adaptive voltage scaling controller, configured to send a

voltage adjustment request to the PMIC, wherein the
voltage adjustment request includes the aging compen-
sation voltage, so that the PMIC adjusts the operating
voltage of the chip according to a voltage sum of a
supply voltage currently supplied to the chip and the
aging compensation voltage; or to send a voltage adjust-
ment request to the PMIC, where the voltage adjustment
request includes a voltage sum of the current operating
voltage of the chip and the aging compensation voltage,
so that the PMIC adjusts the operating voltage of the
chip according to the voltage sum.

21. The system according to claim 20, wherein the aging
controller is further configured to divide the multiple voltage
adjustment time points by using a decreasing time interval
between every two neighboring voltage adjustment time
points; or to divide the multiple voltage adjustment time
points by using an equal interval; or to divide the multiple
voltage adjustment time points according to a slope of an
aging effect curve of the chip.

22. The system according to claim 20, wherein the state
parameter comprises an operating voltage and an operating
temperature.



